A study was conducted to evaluate the variation and expand the existing and limiting nutritive value database of Medicago sativa L. hay (168 near-infrared reflectance spectroscopy spectrally selected samples) in South Africa. The highest moisture content recorded (140 g/kg) was safely below the critical moisture level of 160 g/kg for effective storage. Coefficient of variation (CV) ranged from 1.2% for dry matter (DM) up to 66.2% for acid detergent fibre-crude protein (ADF-CP). The average ash content was 130 g/kg (73 to 295 g/kg), indicating soil contamination. Fibre fractions varied as follows: acid detergent fibre (ADF) (213 to 473 g/kg), neutral detergent fibre (NDF) (289 to 659 g/kg), lignin (43 to 163 g/kg), cellulose (163 to 364 g/kg) and hemicellulose (53 to 199 g/kg). The mean IVOMD for both 24 and 48 h (693 and 732 g/kg DM, respectively), was representative (CV = ± 8%) of the Medicago sativa L. hay population. Crude protein (CP) (average = 207 g/kg DM) consists of 76.9% true protein. According to ADF-CP, 6% of the samples were heat damaged. High mean Ca (13.5 g/kg), P (25.3 g/kg) and Fe (874 mg/kg) values were recorded.
Introduction
Lucerne hay quality (nutritive value) could be influenced by factors such as harvesting at specific physiological stages, climatic factors, edaphic factors such as soil conditions, leaf losses during haymaking, storage and feeding practice, diseases and insects, weeds, lucerne cultivar, moisture content during storage, water supply and fertilisation (Putnam et al., 1997) . Given that dairy rations could contain up to 40% lucerne hay, milk production variability can be partially related to lucerne hay. Accordingly, variation in quality of South African lucerne hay could hamper the accurate formulation of ruminant diets especially for dairy cattle.
Van Wyk et al. (1955) published the first nutritive values for lucerne hay in South Africa, based on only 38 samples. This was followed by Van der Merwe (1970) who classified the quality of lucerne according to stage of harvesting (bloom stage). Van der Merwe (1970) emphasised that the nutritive value of roughages can vary considerably. Therefore their values (CP, crude fibre, fat) can serve at best as a general guideline in diet formulations and should be verified by actual analysis. These values also do not include later developments in nutrition like analysis for acid detergent fibre (ADF), neutral detergent fibre (NDF) and the extent of protein and fibre degradation. Mertens (1992) , McDonald et al. (1995) and NRC (2001) reported values in this regard. The only South African data available are the average values of Erasmus et al. (1990) based upon three samples from various locations. Information is also lacking on nutritional value of South African lucerne hay with regards to nutrient fractions required for modern diet formulation programmes including National Research Council (NRC) (2001) and the Cornell Net Carbohydrate and Protein System (CNCPS) (Tylutki, 2007) . Information is required on protein and carbohydrate fractions, detailed nutrient composition, predicted energy values and rumen degradability. This clearly illustrates the urgent need for more reliable data on the nutritive value of South African lucerne hay.
The aim of this study was to evaluate the variation-and expand the existing and limiting nutritive value database of lucerne hay in South Africa. Each lucerne hay sample was milled under controlled conditions through a 1-mm screen using a LM 3100 mill (Perten Instruments AB, Huddinge, Sweden). The samples were sealed in airtight containers and stored in a refrigerator at 3 ºC for subsequent near-infrared reflectance spectroscopy (NIRS) scanning and chemical analysis.
Materials and Methods
The required number of samples to represent the South African population was selected by scanning the 600 milled lucerne hay samples with a NIR-System 5000 monochromater (NIR Systems, Silver Spring, MD, USA) resulting in 168 samples representing a wide spectral range. These 168 samples were analysed by Cumberland Valley Analytical Services, Inc., (Maugansville, Maryland, USA) via wet chemistry. Crude protein, ash and ADF content were determined by means of the procedures described by AOAC (2000) . Dry matter was determined by a two-step process: First step: Partial dry matter adapted from Goering & Van Soest (1970) Goering & Van Soest (1970) with a modification to the NDF procedure, which excludes sodium sulphite (neutral detergent solution) and includes ∞-amylase to hydrolyse the starch component (Dowman & Collins, 1982) . Soluble protein (SP) was determined by the borate-phosphate procedure as detailed by Krishnamoorthy et al. (1982) . Acid detergent insoluble crude protein (ADICP) and neutral detergent insoluble crude protein (NDICP) were determined by measuring the CP content of the ADF and NDF residue respectively using a Leco FP-528 Nitrogen Combustion Analyzer (Leco. 3000 Lakeview Avenue, St. Joseph, MI 49085). Fat (EE) was analysed according to the method described by the AOAC (1990). Starch was determined by a modification of the method of Holm et al. (1986) as cited by Hall (2000) and sugar by Dubois et al. (1957) , as cited by Hall (2000) . Mineral elements (Fe, Mn, Zn, Cu, Ca, P, Mg, K, Na, S, Cl) were analysed by means of the procedures described by AOAC (2000) .
Cellulose and hemi-cellulose concentrations were estimated as the difference between ADF and ADL concentrations and NDF and ADF concentrations, respectively.
In vitro organic matter digestibility at 48 h (IVOMD48) was estimated using the two-stage rumen fluid-pepsin technique described by Tilley & Terry (1963) . For the estimation of in vitro organic matter digestibility at 24 h (IVOMD24) the technique was, however, modified to 24 h without sulphite (neutral detergent solution) or pepsin/hydrochloric acid (HCL) treatment, but with the inclusion of amylase (Ward, 2005, Pers. Comm.) . Rumen fluid was collected, and mixed, from six early to mid lactation cows consuming a high production total mix ration (TMR) of lucerne haylage, maize silage and high moisture shelled maize (HMSC) (Ward, 2005, Pers. Comm.) . The 24 h and 48 h in vitro digestibilities of NDF (NDFD24 and NDFD48, respectively) were determined using the modified Tilley and Terry procedures as described above.
Statistical analyses were performed using SAS 9.1.3 Service Pack 4 (2002) (2003) . Descriptive statistics namely the mean, standard deviation (SD), coefficient of variation (CV), minimum and maximum values were calculated for the quantitative variables.
Results and Discussion
The chemical composition of the samples representing the South African lucerne hay population is set out in Table 1 . A high DM content in lucerne hay was recorded. Accordingly, the moisture content was within the desired range (lower then 160 g/kg) for effective storage and prevention of heat damage and mould formation (Bath & Marble, 1989) . On the other hand, the relatively high DM content observed for the lucerne hay in the current study could be explained by moisture losses during sample preparation (grinding) and storage. A relatively low moisture content in the lucerne hay was supported by a low average ADF-CP content, which is usually associated with heat damage caused by a high moisture content (Van Soest, 1994) . Linn & Martin (1999) recommended an adjustment for CP availability when the proportion of CP in the ADF fraction increases above 120 g/kg of total CP. According to this figure heat damage only occurred in a small percentage (6%) of the samples. Accordingly, the low ADF-CP content could be an indication that lucerne hay moisture content was mostly within the desired range for effective storage. The wide range observed for ash in this study may be explained by soil contamination (exogenous ash) due to harvest practices (Abreu & Bruno-Soares, 1996) . This is confirmed by Bath & Marble (1989) , which noted that values above 140 g/kg DM for lucerne hay are usually an indication of soil contamination. Thus, it is evident from the data set that 24% of the samples in the present study were prone to soil contamination. Accordingly, the high mean ash value (130 g/kg of lucerne hay in the current study could have had a detrimental effect on the energy value due to the zero energy contribution of ash. It is also important to note the high level of Fe in South African lucerne hay. This might interfere with the absorption of Cu and Zn in the diet which could lead to depletion of these minerals in high producing dairy cattle.
Similar to ash, lignin has also theoretically, no digestible energy. Therefore, the variation in lignin, and its role as a nutritional entity especially in forages, should be acknowledged in the quest for developing an accurate quality model for assessing animal performance. Variability in lignin was found to be the second highest (CV = 23%) of the fibre fractions. This was probably due to the lower and higher lignin and NDF content, respectively, found in grasses compared to lucerne hay. The probable overall effect of grass contamination of lucerne hay in the current study seems to be manifested in the majority of the energy related parameters (ADF, NDF, lignin, NDFD, etc.) . Furthermore, the relatively low lignin/NDF relation (16.2% of NDF) of the samples in the present study was enough evidence to claim that the majority of lucerne hay grown in South Africa is not from pure strands but is a mixture of lucerne and grass. This phenomenon produced a dataset for South African lucerne hay with generally a larger variation than normally found in the available literature for this species.
The high NDF content of several lucerne hay samples in the current study proposed possible intake restriction thereof in high yielding dairy diets. Zinn et al. (2004) suggested that the lucerne hay in high producing dairy diets should contain a NDF content of 400 g/kg or less. Accordingly, only 33% of the South African population would have fitted this criterion. On the other hand, 8% of these samples contain less than 35 g NDF/kg; therefore, nutritionally disqualifying it as a roughage (Zinn et al., 2004 The mean IVOMD at 24 h (IVOMD24) (69%) and 48 h (IVOMD48) (73%) values in the current study seem to be relatively similar, irrespective of incubation time, and are accordingly representative of the South African lucerne hay population. From these results it is evident that in vitro incubation time had a minor effect on digestibility of lucerne hay organic matter (OM) due to its low mean fibre content (Table 1) , brittle texture and thus high degradability.
According to the results of the present study the mean crude protein (CP) (200.7 g/kg DM) and soluble protein (SP) (62 g CP/kg) content of lucerne hay was higher and lower, respectively, than those found in the literature. Therefore, it seems that the South African lucerne hay population contains a lower concentration of rapidly degradable protein as reported by the NRC (2001).
Conclusions
From the results of the present study the variation in energy and protein composition as well as utilisation of nutrients in lucerne hay is evident. It seems that this variation was exaggerated by soil and grass contamination.
